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SUMMARY
We report the usefulness of revision balloon kyphoplasty
(re-BKP) and vertebra-pediculoplasty using cannulated
screws (VPCS) for osteoporotic vertebral fractures (OVF)
following cement dislodgement of conventional BKP.
Between 2015 and 2020, three patients with OVF
developed symptomatic cement dislodgement following
BKP and underwent re-BKP. All three patients showed
a loose cemented mass and spinal instability. Balloon
inflation was performed in the gap between the loosened
cemented mass and the remaining cortical bone rim, and
this extended gap was filled with cement. To prevent
re-dislodgement of the cement mass, a cannulated screw
was inserted into the cemented mass through the pedicle.
All patients achieved early pain relief, and improved
vertebral stability of the fractured vertebra and all related
symptoms, with no perioperative complications. Re-BKP
and VPCS are innovative concepts and could be an
effective minimally invasive treatment for OVF following
cement dislodgement of conventional BKP treatment.

BACKGROUND

Balloon kyphoplasty (BKP) was developed as a
minimally invasive surgical technique for percutaneous vertebroplasty in patients with osteoporotic
vertebral fractures (OVF) refractory to conservative treatment.1 However, cement dislodgement
is reportedly a rare and vexing complication for
clinicians. If it develops and becomes symptomatic,
posterior fusion or a highly invasive combined anterior and posterior instrumentation surgery may be
required.2
We report a new concept and method of revision BKP (re-
BKP) and vertebra-
pediculoplasty
using cannulated screws (VPCS), wherein the fractured vertebral body is refilled with cement using a
cannulated screw to stabilize the additional cement
in the vertebral body, in cases of symptomatic
cement dislodgement or refracture with instability
after conventional BKP.

CASE PRESENTATION
Case 1

A patient in their 70 s developed a traumatic T11
OVF. BKP was performed 16 days after the injury.

However, he developed worsening back pain.
The treated vertebra showed residual instability
on radiographs, and the CT scan showed a clear
zone around the cement (figure 1). Re-BKP was
performed under fluoroscopic control (figure 2).
The balloon was inserted into the clear zone around
the cement and dilated (right: 4 mL, left: 4 mL) to
generate space for more cement. Cement was then
filled from both sides for a total of 10.3 mL (see
online supplemental video 1).

Case 2

A patient in their 70s sustained an L4 OVF after
falling. BKP (using 10.4 mL of cement) was
performed 3 weeks after the injury, with symptom
resolution. Radiographs at 2 months postoperatively showed no vertebral instability (figure 3A).
However, 4 months postoperatively, the patient
experienced multiple falls, with subsequent back
pain worsening. Radiographs and CT scan revealed
a refracture of L4 and cement dislodgement
(figure 3B,C). Re-BKP and VPCS was performed 2
weeks after the injury. The balloon was inserted into
the clear zone around the cement and dilated. To
prevent cement re-dislodgement, a 6.5 mm cannulated screw was replaced with a guide pin, and a
total of 16 mL cement was introduced through the
screw hole. Before the cement hardened, the cannulated screw was inserted into the vertebral body
(figure 4A, see online supplemental video 1). As
the cement hardened, the screw thread and cement
were integrated.

Figure 1 Case 1: images taken 18 days after the initial
surgery. (A, B) Radiographs showing residual vertebral
instability (A: supine, B: sitting). (C) Magnetic resonance
T1-weighted image. (D) CT image showing a clear zone
around the cement.
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Case 3

A patient in their 80s with Parkinson’s disease, developed spontaneous lower back pain without obvious trauma. L2 OVF was
diagnosed, and BKP was performed 2 weeks after symptom
onset (figure 5A). Three days postoperatively, she developed
an L1 adjacent OVF (figure 5B). A second BKP was performed
1 week after the initial surgery with subsequent pain improvement (figure 5C). However, 2 months postoperatively, the
patient complained of back and right thigh pain. Radiographs
showed an adjacent OVF at L3 and cement dislodgement at L2
(figure 5D). Three months after the initial surgery, re-BKP and
VPCS at L2 was performed with 10.5 mL of additional cement
with screw augmentation (figure 5E, see online supplemental
video 1). L3 BKP was also performed using 13.5 mL of cement.

OUTCOME AND FOLLOW-UP

In all patients, the pain improved after the revision surgery with
no postoperative complications. All patients were able to walk
independently after surgery. Postoperative radiographs showed
a well-reconstructed and stable vertebra with bone union and
bridging callus formation after 5 years in case 1 (figure 2E),
1 year in case 2 (figure 4B), and 2 years in case 3 (figure 5F).

DISCUSSION

‘Vertebra-
pediculoplasty’, in which the vertebral pedicle is
reconstructed with an artificial screw in addition to vertebroplasty was reported in 2006 and since then similar concepts of
the procedure have been reported.3–6 In 2018, a new procedure
using vertebral body stenting with screws was reported by Cianfoni et al with a concept similar to VPCS. In their report, percutaneous stent screw-assisted internal fixation (SAIF), whereby
the vertebral body stenting/cement complex was anchored
with pedicular screws to the posterior vertebral elements, was
reported as a minimally invasive internal fixation technique.7
This technique is biomechanically advantageous over vertebral
augmentation in significantly decreasing the strain distribution on the superior endplate and cortical wall, thus reducing
refracture risk of the middle column at the treated level.8 The
advantage of SAIF and VPCS is that by forming the vertebral
pedicle, the cement mass is stabilized in the vertebral body with

Figure 3 Case 2: (A) Radiographs taken 1 week (left) and 2 months
(right) after the initial surgery. (B) Radiographs 4 months after the initial
surgery (left: supine; right: sitting position). (C) CT scan 4 months after
the initial surgery.
2

Figure 4 Case 2: (A) Intraoperative X-ray fluoroscopic image. The
balloon was expanded to make space for the cement, and 16 mL of
cement was introduced. (B) Radiographs taken 1 year after the revision
surgery (sitting position).
the lamina and pedicle as stoppers. This allows the cement to
stabilize within the fractured vertebra even under load stress,
thus preventing secondary cement dislodgement. This method
is very effective for minimally invasive stabilization of complex
fractured vertebrae where vertebroplasty alone does not provide
early stability of the fracture. This method is innovative in that
it can preserve the intervertebral space and does not cause adjacent segmental disorders, which may occur in spinal fusion
surgery. Although this procedure could also be performed with a

Figure 5 Case 3: (A) Preoperative radiograph, MRI image, and
intraoperative X-ray fluoroscopic image at initial surgery. (B) CT image
taken 3 days after initial surgery. CT revealed L1 adjacent vertebral
fracture (white arrow). (C) Radiograph taken 6 weeks after second
balloon kyphoplasty (BKP). (D) Radiograph (left) and CT image (right)
taken 2 months after second BKP. L3 adjacent vertebral fracture (white
arrow) and cement dislodgement (white arrowhead) was observed.
(E) Radiograph taken 5 months after the third surgery. (F) Radiograph
taken 2 years after the third surgery. Bridging callus formation and a
well-stabilized spine were observed.
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Figure 2 Case 1: intraoperative X-ray fluoroscopic images. (A) A
balloon was inserted into the clear zone around the cement. (B) The
balloon was expanded to make space for the cement. (C) Insertion
of 10.3 mL of cement was performed. (D) CT scan taken 3 months
postoperatively. (E) Seated radiographs taken 5 years postoperatively.
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Learning points
► Revision balloon kyphoplasty and vertebra-pediculoplasty

using cannulated screws could become an excellent and
practical technique to stabilize the affected vertebral body in
osteoporotic vertebral fractures with cement dislodgement.
This surgical procedure could be a useful way to avoid highly
invasive instrumentation surgery.
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less costly vertebroplasty, the BKP system was used for revision
surgery as it allowed the surgeon to evaluate the loosening of
the cement mass, secure the cement filling space, and predict the
cement filling volume based on the balloon expansion volume,
as shown in our cases.

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J NeuroIntervent Surg

ICMJE DISCLOSURE FORM
Date:

3/31/2022

Your Name:

Kohei Yonezawa

Manuscript Title:

Revision balloon kyphoplasty and vertebra-pediculoplasty using
cannulated screws for osteoporotic vertebral fractures with cement
dislodgement following conventional balloon kyphoplasty

Manuscript Number (if known):

neurintsurg-2022-018801.R1

In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are related to the
content of your manuscript. “Related” means any relation with for-profit or not-for-profit third parties whose interests may be
affected by the content of the manuscript. Disclosure represents a commitment to transparency and does not necessarily
indicate a bias. If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so.
The author’s relationships/activities/interests should be defined broadly. For example, if your manuscript pertains to the
epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if
that medication is not mentioned in the manuscript.
In item #1 below, report all support for the work reported in this manuscript without time limit. For all other items, the time
frame for disclosure is the past 36 months.

Name all entities with whom you have this
relationship or indicate none (add rows as needed)

Specifications/Comments (e.g., if payments were
made to you or to your institution)

Time frame: Since the initial planning of the work
1

All support for the
present
manuscript (e.g.,
funding, provision
of study materials,
medical writing,
article processing
charges, etc.)
No time limit for
this item.

☒

None

Click the tab key to add additional rows.

Time frame: past 36 months

1

2

Grants or
contracts from
any entity (if not
indicated in item
#1 above).

☒ None

3

Royalties or
licenses

☒

None

8/26/2021

ICMJE Disclosure Form

Yonezawa Y, et al. J NeuroIntervent Surg 2022;0:1–3. doi: 10.1136/neurintsurg-2022-018801

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Name all entities with whom you have this
relationship or indicate none (add rows as needed)

2

4

Consulting fees

☒

5

Payment or
honoraria for
lectures,
presentations,
speakers
bureaus,
manuscript
writing or
educational
events

☒

None

6

Payment for
expert testimony

☒

None

7

Support for
attending
meetings and/or
travel

☒

None

8

Patents planned,
issued or
pending

☒

None

9

Participation on
a Data Safety
Monitoring
Board or
Advisory Board

☒

None

10

Leadership or
fiduciary role in
other board,
society,
committee or
advocacy group,
paid or unpaid

☒

None

J NeuroIntervent Surg

Specifications/Comments (e.g., if payments were
made to you or to your institution)

None

8/26/2021

ICMJE Disclosure Form

Yonezawa Y, et al. J NeuroIntervent Surg 2022;0:1–3. doi: 10.1136/neurintsurg-2022-018801

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Name all entities with whom you have this
relationship or indicate none (add rows as needed)
11

Stock or stock
options

☒

None

12

Receipt of
equipment,
materials, drugs,
medical writing,
gifts or other
services

☒

None

13

Other financial or
non-financial
interests

☒

None

J NeuroIntervent Surg

Specifications/Comments (e.g., if payments were
made to you or to your institution)

Please place an “X” next to the following statement to indicate your agreement:
☒

3

I certify that I have answered every question and have not altered the wording of any of the questions on this form.

8/26/2021

ICMJE Disclosure Form

Yonezawa Y, et al. J NeuroIntervent Surg 2022;0:1–3. doi: 10.1136/neurintsurg-2022-018801

